Finding a material to meet a minimum set of requirements can be a matter of trial and error, but knowing what will be the best material usually means understanding how it meets those requirements. This focus collection [1] embraces the variety of topics handled in materials research and looks at two strategies for understanding, developing and tailoring nanomaterials: mathematics and 'nanoarchitectonics'.
Nanoarchitectonics provides a framework for translating into new material systems building blocks known to manifest a particular effect or property. A typical example might be exploiting nanosheets consisting of highly polarizable nanoblocks to produce artificial ferroelectric layered perovskites [2] . Understanding how the behaviour of nanobuilding blocks coordinate can also provide valuable insights into complex systems. As a step towards mimicking the sophisticated self-assembly in biological systems, Katsuhiko Ariga and colleagues at the National Institute of Materials Science (NIMS), Tokyo University and Yokohama University in Japan, and Warsaw University in Poland, have focused on amphiphilic molecules as building blocks for complex hierarchical structures [3] . They demonstrate the concentration-dependent self-assembly of micelles and liquid-crystal structures from a non-ionic surfactant (tetraglycerol lauryl ether, C 12 G 4 ) in an aqueous solvent.
Manipulating systems in this way requires well defined characterisation and here mathematics can provide crucial tools. Glasses are an example of materials popular in engineering but where characterisation can be elusive due to the lack of long-range order. Most studies have focused on short-range order and nearestneighbour characteristics, but in this collection Yasumasa Nishiura and colleagues at Tohoku University and Kyushu University show how to characterise the medium range order, which is more significant to the overarching properties of glasses [4] . In their report they consider atomic configurations as point cloud data and use a mathematical technique-'persistence diagrams'-for extracting geometrical information to characterize amorphous silica. As they conclude, this approach 'compresses the size of the data set significantly' and has considerable potential for application to a wide range of materials relevant to the materials industry, including complex molecular liquids, granular materials, and metallic glasses.
Another highly pertinent issue for industry is sustainability, and both alternative energy sources and storage devices have been prime topics for invoking optimisation through strategic materials design. Solar-cell energy-conversion efficiencies can greatly benefit from nanomaterial additives, and in this collection Yajie Zhang and Zhixiang Wei at the National Centre for Science and Technology use their knowledge of how metal nanoparticles enhance photon absorption, to demonstrate that copper phthalocyanine nanocrystals can provide an effective organic alternative for polymer solar cells [5] .
In terms of energy storage, improvements in lithium ion batteries have spawned a renaissance of interest over recent years. By understanding the effect of structure and degrees of freedom within crystals, as well as interface densities on ion migration, it has been possible to improve material performance, such as through the incorporation of LiCl in LiBH 4 nanopowdered electrolytes [6] . For energy storage in nanoelectronics applications, a lot of focus has been set on supercapacitors, which call for materials with high electrical conductivity, chemical stability, and specific capacitance, as well as a large active surface area among other properties. Despite the daunting medley of material requirements, nanocomposites show promise. 'Coaxial nanowires/nanotubes will lead to multiple functionalities by linking the properties of different materials,' say Yusuke Yamauchi and colleagues from NIMS and Waseda University in Japan, Hanyang University in Korea and Wollongong University in Australia. They report on simple cost-effective synthesis of multi-walled carbon nanotube-manganese oxide (CNT-MnO 2 ) core-shell structures and their use as supercapacitors for energy storage [7] .
Energy generation and storage provide the means to power today's high-tech commodities and labour-saving devices but where there's an energy-hungry device, there is usually some form of computer to operate it. Most computers are underpinned by a von Neumann architecture, but progress in the computational power of these systems is reaching a threshold. James K Gimzewski, Adam Stieg and researchers at the University of California, Los Angeles in the US, the University of Bristol in the UK and NIMS, including guest editor of the focus collection Masakazu Aono, have looked towards complex systems in the natural world for alternative computing architectures [8] . Their work in the collection replicates some of the behaviour of complex systems such as neural networks using atomic switches. Other groups have also enlisted natural systems for alternative computing paradigms, including Masashi Aono and colleagues at Tokyo Institute of Technology and the Japan Science and Technology Agency in Japan [9] . They model the computationally demanding problem solving of amoeboid organisms using thermal fluctuations in nanowires. Their results point towards a potential computing paradigm for high-speed low-power consumption problem solving implemented by interacting nanoscale devices.
While these groups focus on the hardware for alternative computing paradigms, Christian Joachim at NIMS and colleagues at the Nanosciences Group and Materials Nanoarchitectonics (MANA) Satellite and ISAE-SUPAERO, in France, and Université Hassan II de Casablanca, Morocco, consider the advances in mathematics needed to use them [10] . Quantum material systems have long attracted interest for faster, smarter computing and here Joachim and his collaborators explore the mathematics behind the newly proposed quantum Hamiltonian computing approach for designing Boolean logic gates. In another paper in the collection they also tackle extensions to the mathematics that describe electronic transmission in a structure that may be the backbone for ever shrinking next-generation devices-molecular wires [11] . Nanowires in general are becoming a ubiquitous building block for a range of future electronic and optoelectronic circuits and Dmitri Golberg and colleagues at NIMS and the University of Tsukuba in Japan and the Institute of Physics in China report a highprecision technique for constructing and characterizing axial nanowire heterojunctions, while demonstrating a delicate and precise nanomanipulation technique for the first time [12] .
Establishing the maths behind quantum computers is one thing, but increasing the number of bits enough to leverage on the increase in computational power raises the issue of noise or fault tolerance. Majorana fermions-particles that are their own antiparticle, such as the quasiparticle excitations in superconductorshave been mooted as a means of fault tolerant computing, but incorporating superconductors, semiconductors, insulators and topological insulators into a device to realise their application in quantum computers is challenging. Here the study of an archetypal surface atomic-layer superconductor by Takashi Uchihashi at NIMS reveals great promise [13] .
The papers in the focus collection exemplify the wide range in disciplines and industries that these two strategies for materials design touch on, and are collated with the support of guest editors Masakazu Aono from the Centre for MANA at NIMS and Motoko Kotani at the Advanced Institute for Materials Research in Japan. The collection also highlights how advances in understanding the origin of materials properties are central to developing, synthesising and tailoring designs for new material systems. In the words of the late Steve Jobs, 'Design is not just what it looks like and feels like, but how it works' [14] .
